Myoga (Zingiber mioga Roscoe, Zingiberaceae family) is a perennial herb native to Eastern Asia, and widely cultivated in Japan. It has a stalk which extends up to 1 m long, with slender leaves reaching 30 cm. The inflorescence (flower bud) of the plant arises from buds on the rhizome, and flower buds grow 7-10 cm in length with a shape like a pinecone at the edible stage. The flower buds are used as spices or pickles in Japan, because of their pungent and pleasant flavor. It has been reported that the characteristic pleasant and pungent flavor of the flower buds was due to such constituents as 2-alkyl-3-methoxypyrazine (alkyl: isobutyl, isopropyl) and (E)-8--(17)-epoxylabd-12-ene-15, 16-dial (miogadial, aframodial), respectively. 1, 2) We have found that miogadial played the major role in the pungent taste of the flower buds. 2) In addition, the leaves of the myoga plant are used as a wrapping material for ''manjyu,'' a bun filled with sweetened bean paste. Such manjyu wrapped with the leaves of the plant are called myogabochi, a traditional food in Japan. It is believed that provisions can be preserved for a long time by wrapping them with the leaves of the plant. It is, therefore, worthwhile to confirm whether the flower buds and leaves of the myoga plant have antimicrobial activities. We have demonstrated that galanals A and B isolated from flower buds of the myoga plant induced caspase-3-dependent apoptosis in p53-mutated Jurkat cells.
3) With respect to the antimicrobial activity of (E)-8--(17)-epoxylabd-12-ene-15, 16-dial (miogadial), only a few investigations have been reported. [4] [5] [6] However, no report on the antibacterial activities of galanals A and B have been presented. This paper describes the antimicrobial activities of miogadial, galanal A and galanal B, and the contents of these compounds in different parts of the plant of different varieties.
Fresh flower buds of myoga for the antimicrobial test were purchased from a market in Takasaki City. To compare the antimicrobial activity of a methanol extract with that of an ethyl acetate extract, sliced flower buds of myoga (1 kg) were pulped in 3 liters of methanol or ethyl acetate with a blender. After filtration, the filtrate was concentrated under a reduced pressure, and then the concentrate was freeze-dried to use for the antimicrobial assay. Both extracts were assayed for antimicrobial activity against Bacillus cereus by an agar diffusion method.
7) The bacterial cells were grown in 1 ml of nutrient broth (Nissui Co.) at 37 C for 7 h while shaking. An aliquot (0.2 ml) of the culture was then mixed with 2 ml of 0.6% top agar, and the mixture was layered on soybean-casein-digest agar (Daigo Co.; pH 5.0) plate at 37 C. Each extract (1 mg) dissolved in 20 l of methanol or ethyl acetate was dropped on a paper disk (6 mm in diameter). After removing the y To whom correspondence should be addressed. Fax: +81-27-353-2055; E-mail: yozawa@takasaki-u.ac.jp Biosci. Biotechnol. Biochem., 68 (7), [1601] [1602] [1603] [1604] 2004 Note solvent, the paper disk was placed at the center of the agar plate seeded with the cells. After 24 h of incubation at 37 C, the diameter of the inhibited growth zone was measured. The results show that the ethyl acetate extract strongly inhibited bacterial growth (growth-inhibition zone of 8 mm), while the methanol extract showed weak antimicrobial action (growth-inhibition zone of 2 mm). It was thus assumed that miogadial played an important role in the antimicrobial activity, because the ethyl acetate extract of the flower buds contained a considerable amount of miogadial.
2) On the other hand, methanol can extract miogadial together with such miogadial-reactive substances as amines and sulfhydryl compounds 8) in the flower buds, and miogadial should be converted into an inactive form during the concentration process. It was noted that the freeze-dried powder of the methanol extract had no pungent taste.
Next, the minimum inhibitory concentrations (MICs) of miogadial and its structurally related compounds, galanals A and B, were measured by using the microorganisms listed in Table 1 by the twofold dilution method with triplicate plates. 9) Miogadial (225 mg), galanal A (25.6 mg) and galanal B (52.2 mg) were isolated from the ethyl acetate extract of the flower buds by HPLC as reported in our previous paper.
2) Their structures are shown in Fig. 1 . The bacterial cells were cultured in nutrient broth (Nissui Co.) at 37 C for 6 h while shaking. The yeasts were cultivated in Y-1 broth at 28
C for 48 h, while the molds were grown on potato dextrose agar slants (Difco Co.) at 28 C for ten days. Each culture was diluted to 10 6 CFU/ml with sterile saline. Each of the test compounds was dissolved at 1 mg/ml in DMSO, and used after twice diluting with DMSO. One hundred l of the solution was mixed with 100 l of each microbial suspension in 3.8 ml of top agar, and the mixtures were layered on the surface of agar plates (90 mm Â 20 mm). The bacteria were cultured on soybean-casein-digest agar (Daigo CO.; pH 5.0) plates at 37 C for 48 h, the yeasts were cultivated on Y-1 agar plates (pH 6.0) at 28 C for 120 h, and the molds were grown on potato dextrose agar plates (pH 5.0) at 28 C for 120 h. After cultivation, MICs were evaluated by the detection of no colonies with the naked eye.
MICs of the tested compounds are shown in Table 1 . The values for miogadial against the Gram-positive bacteria were 25-125 g/ml. Galanals A and B exhibited MICs ranging from 200 to 500 g/ml against the Gram-positive bacteria, B. cereus, B. subtilis, St. aureus and St. epidermidis. The antibacterial properties of galanals A and B were found for the first time in the present study. However, MICs of miogadial, galanal A and galanal B against the Gram-negative bacteria were over 1000 g/ml, suggesting that these compounds had little or no activity against the Gram-negative bacteria. Similarly, the growth of molds, except for Pen. frequentans and Asp. Fumigatus, was little influenced by the three diterpene dialdehydes at a dose level over Aspergillus fumigatus NBRC 7080 500 >1000 >1000 Penicillium frequentans NBRC 7919 500 >1000 >1000 Penicillium martensii NBRC 8142 >1000 >1000 >1000 Mucor racemosus NBRC 5403 >1000 >1000 >1000 Cladosporium colocasiae NBRC 6698 >1000 >1000 >1000 Eurotium chevalieri NBRC 4090 >1000 >1000 >1000 1602 M. ABE et al.
1000 g/ml. In respect of the yeast strains, miogadial, galanal A and galanal B suppressed their growth, miogadial inhibiting growth in a dose range of 50-100 g/ml, and galanals A and B exhibiting MICs in the range of 200-500 g/ml. Miogadial had 4-20 times higher activity against the Gram-positive bacteria and yeasts than galanals A and B. These results demonstrate that the three diterpene dialdehydes behaved as growth inhibitors for some Gram-positive bacteria and yeasts. The MIC levels obtained in the present study were relatively higher than those from previous works; 4, 5) it is known that the antimicrobial activities varied with medium components, culture time, and inoculum size of the microorganisms. 6) From the viewpoint of the structure-activity relationship, it is interesting to compare the antimicrobial activities between miogadial and galanals A and B. Miogadial has a characteristic @,-unsaturated-1,4-dialdehyde structure like polygodial. On the other hand, galanals A and B have an @,-unsaturated-1,6-dialdehyde structure with a hydroxy group in their molecules. The @,-unsaturated aldehyde moiety in the sesquiterpene dialdehyde molecules has been found to be responsible for their antimicrobial activity. 8 
) Galanals
A and B, however, having the @,-unsaturated dialdehyde group similar to miogadial, exhibited less antimicrobial activity than miogadial against all of the microorganisms tested. These data suggest that the relative position of the two aldehyde groups was important for strong antimicrobial activity. In addition, it has been found that the introduction of a hydroxy group in sesquiterpene dialdehyde compounds such as warburganal and mukaadial possessing an @,-unsaturated-1,4-dialdehyde moiety decreased the antimicrobial activity in comparison with that of polygodial. 6) Considering these facts together with the present results, it is suggested that presence of an @,-unsaturated-1,4-dialdehyde moiety and a hydroxy group in the molecule affected the antimicrobial activity of the diterpene dialdehydes. Thus, we assume that the relatively high activity of miogadial in comparison with that of galanals A and B was mainly due to the @,-unsaturated-1,4-dialdehyde moiety.
To investigate the quantitative distribution of the antimicrobial diterpene dialdehydes in myoga plants, four varieties (jindawase 1, jindawase 2, jindawase 3 and akimyoga) were analyzed for their contents of miogadial, galanal A and galanal B in the leaves, stems, flower buds and rhizomes. Among them, jindawase 1, jindawase 2 and jindawase 3 were harvested from an experimental field at Gunma Agricultural Technology Center at the beginning of August in 2002, while the akimyoga variety was harvested from the same field in the middle of September in 2002. The leaves, stems, flower buds and rhizomes were separated, and then 100 g of each was homogenized with a blender and extracted three times with 100 ml each of ethyl acetate. The combined extract was concentrated under reduced pressure to dryness and then dissolved in 10 ml of ethyl acetate. A portion (0.5 ml) of the solution was applied to a silica gel cartridge (Waters) that had been preconditioned with n-hexane. After the cartridge had been washed with 2 ml of n-hexane, it was twice eluted with 1 ml each of ethyl acetate/n-hexane (1:1, v/v). The eluate (20 l) was submitted to HPLC by a Shimadzu LC-10AT instrument equipped with an autosampler and a Tosoh silica 60 column (4:5 Â 250 mm). Miogadial (t R ¼ 9:7 min), galanal B (t R ¼ 19:1 min), and galanal A (t R ¼ 26:0 min) were eluted with 7.5% acetone in hexane at a flow rate of 2 ml/min, and the peaks were monitored at 232 nm. Miogadial, and galanals A and B were quantified on the basis of their peak areas by comparison with calibration curves obtained from the corresponding standards. The analysis of each sample was conducted three times in the same manner. Table 2 shows the contents of miogadial, and galanals A and B in the flower buds, rhizomes, stems and leaves of the four varieties of myoga plant. Miogadial was mainly distributed in the flower buds and rhizomes, its content in the flower buds being 2.3-2.9 times higher than that in the rhizomes in the three varieties harvested at the beginning of August. On the contrary, akimyoga, which had been harvested in the middle of September, contained twice the amount of miogadial in the rhizomes than that in the flower buds. The leaves and stems all had small amounts of miogadial. On the other hand, large amounts of galanal A and B were found in the rhizomes and leaves. The contents of galanal A and B detected in the leaves of akimyoga were higher than those in the leaves of the other varieties. In addition, the leaves of the myoga plant contained 2.0-10.0 times more galanal A than miogadial. These data suggest that the leaves of the myoga plant acted as an antimicrobial material for food wrapping. It was confirmed that the contents of miogadial, galanal A and galanal B varied with variety and part of the myoga plant. In conclusion, the varieties belonging to the Zingiberaceae family are generally regarded as safe for human consumption; 10) it is thus considered that the myoga plant is a suitable herb, spice and wrapping material for food. 
